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P. Swarajya Lakshmi* & T. Pullaiah* : Reproductive 
biology of Tithonia diversifolia (Asteraceae) 

P. S. 7 9 'V 3. ^ * • T. y° 7 ■i T* : Tithonia diversifolia 

Tithonia diversifolia (Hemsley) A. Gray belongs to the tribe Heliantheae 
of the family Asteraceae. Out of the ten species of the genus Tithonia the 
embryology of only one species T. rotundifolia was investigated (Pullaiah 1978) 
and hence the present investigation has been undertaken to study the embryology 
of T. diversifolia. 

Material and methods The material was collected by Dr. T. Pullaiah from 
Coonoor in Nilgiris in Tamilnadu. Capitula of different sizes were fixed in 
F. A. A. They were dehydrated in tertiary butyl alcohol series and paraffin 
wax of melting point 58-60°C was used for embedding the material. Serial 
longitudinal and transverse sections of 5-10 ^m thickness were stained in Dela- 
field’s haematoxylin. The voucher specimen no. TP 3098 has been deposited in 
Herbarium of Sri Krishnadevaraya University and Madras Herbarium (MH) 
Coimbatore. 

Observations Microsporangium, microsporogenesis and male gametophyte. 
The anthers are tetrasporangiate (Fig. 1, A). Five archesporial cells which can 
be identified by their larger size and conspicuous nuclei are differentiated hypo- 
dermally in each lobe (Fig. 1, B). These cells divide periclinally giving rise to 
a primary sporogenous layer towards inside and a primary parietal layer towards 
outside (Fig. 1,C). The latter divides periclinally again to give rise to two 
layers of which the inner functions as the tapetum and the outer layer undergoes 
one more division periclinally forming a hypodermal layer and a middle layer 
(Fig. 1, D). Thus the wall development follows the Dicotyledonous type (Davis 
1966). 

The epidermis undergoes only anticlinal divisions to keep pace with the 
growing anther. Afterwards, these cells get elongated and flattened. The 
hypodermal cells by developing fibrous thickenings form endothecium (Fig. 1, E). 

* Department of Botany, Sri Krishnadevaraya University, Anantapur 515 003, A. P., India. 
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. 1. Tithonia diversifolia. A. Transverse section of anther at one-nucleate pollen grain 
stage. B. Longitudinal section of part of anther lobe showing archesporium. C, D. Longitu¬ 
dinal sections of part of anther lobes showing wall development. E. Fibrous endothecium. 
F. Longitudinal section of part of anther lobe showing one-nucleate pollen grains and peri- 
plasmodium. G-P. Tapetal cells showing nuclear variations. Q-W. Meiotic divisions in the 
pollen mother cells. X. Tetrahedral pollen tetrad. Y, Z. Decussate pollen tetrad. Z 1 , Z 2 . 
One- and two-nucleate pollen grains respectively. Z 3 , Z 4 . Three-celled pollen graim 










May 1987 


Journ. Jap. Bot. Vol. 62 No. 5 


153 


At about the pollen tetrad stage, the middle layer gets crushed and degenerated. 

The innermost layer of the anther wall is the tapetum. The nuclei of 
these cells undergo mitotic divisions and fusions resulting in multinucleate and 
polyploid cells (Fig. 1, G-P). The walls of the tapetal cells break down and the 
cytoplasm protrudes into the spaces between the pollen grain forming the 
periplasmodium (Fig. 1, F). Thus anther tapetum is of the Amoeboid type. It 
gets absorbed by the developing pollen grains. 

The primary sporogenous cells undergo divisions giving rise to two rows 
of microspore mother cells (Fig. 1, D). These cells round off and produce tetra¬ 
hedral and decussate pollen tetrads by undergoing meiosis (Fig. 1, Q-Z). Cyto¬ 
kinesis is by furrowing. The microspores after their separation from the tetrad, 
enlarge, become spherical and develop thick spinous exine (Fig. 1, Z 1 ). One- 
nucleate pollen grain divides and produces a large vegetative and a small 
generative cell (Fig. 1, Z 2 ). The latter, which gets pinched off into the pollen 
grain, divides and produces two spherical shaped sperms (Fig. 1, Z 3 , Z 4 ). Mature 
pollen grains have thick exine and three germ pores. 

Megasporangium, megasporogenesis and female gametophyte. Ovary is 
inferior, bicarpellary, syncarpous and unilocular with single basal ovule. During 
development the ovule curves and attains an anatropous condition (Fig. 2, B, C). 
Ovules are unitegmic and tenuinucellate. 

At the time of megaspore tetrad formation, the inner layer of the integu¬ 
ment becomes differentiated as endothelium and after fertilization, it becomes 
biseriate at the chalazal side (Fig. 4, C-E). 

Nucellus consists of a single layer of epidermal cells surrounding single 
archesporial cell (Fig. 2, A). The archesporial cell enlarges considerably and 
functions directly as the megaspore mother cell. This cell later undergoes 
meiotic divisions and produces linear tetrad of megaspores (Fig. 2, D). Three 
micropylar megaspores degenerate whereas the chalazal one is functional (Fig. 
2, E) which later develops into an 8-nucleate Polygonum type of embryo sac 
through mitotic divisions (Fig. 2, F-H). Synergids are hooked and the two polar 
nuclei lie near the egg apparatus. Initially antipodals are two or three in number. 
When there are two antipodals, the upper cell is binucleate (Fig. 2, H). They 
increase in number up to six by cell divisions. Due to nuclear divisions and 
fusions, the cells show many variations in their nuclear behaviour (Fig. 3, A-L) ; 
some cells are multinucleate while others have polyploid nuclei and both these 
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Tithonia diversifolia. A-E. Stages in the development of endosperm. F-J. Stages in 
development of embryo. 
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later filling the entire embryo sac (Fig. 4, B-E). Thus endosperm development 
is of the Nuclear type. The size of the embryo sac increases lengthwise and 
when the embryo reaches the globular stage, the peripheral cells of the endo¬ 
sperm become differentiated as the jacket layer (Fig. 4, E). Except this layer 
entire endosperm is consumed by the growing embryo. 

The first division of the zygote is transverse resulting in a two-celled 
embryo, the terminal cell ca and the basal cell cb (Fig. 4, A). The cell ca 
divides vertically and the basal cell cb divides transversely to form a four-celled 
embryo (Fig. 4, F). Now the embryonal tetrad consists of juxtaposed cells 
derived from terminal cell and m and ci derived from the basal cell. The 
derivatives of the tier ca undergo one more vertical division and later oblique 
division resulting in octants. The cell m also undergoes two more vertical 
divisions at right angles to one another. The cell ci divides transversly result¬ 
ing in the formation of n and n’ which later give rise to cells o and p by trans¬ 
verse division (Fig. 4, G). 

The derivatives of the tier q give rise to the cotyledons and stem tip, m 
to the hypocotyledonary region, o to the root cap and dermatogen of the root, 
n to the remaining part of the root tip and p to the suspensor of 2-6 cells 
(Fig. 4, H-J). Thus, embryogeny conforms to the Senecio variation of Asterad 
type. 

Discussion The present taxon shows the charactersitic features of the 
family Asteraceae like Dicotyledonous type of anther wall development, peri- 
plasmodial anther tapetum, three-celled pollen grains, anatropous, unitegmic and 
tenuinucellate ovule, presence of endothelium and Asterad type of embryo 
development. 

Harling (1962) and Eliasson (1971, 1972, 1974) stated that the formation of A 
2-3 secondarily multinucleate antipodals is characteristic of the tribe Helian- 
theae. But in Tithonia- rotundifolia, Acanthospermum hispidum (Pullaiah 1978, 
1981) and Tithonia diversifolia (present study) occurence of multinucleate and 
polyploid antipodals is noticed. Hence it may be said that the opinion of Harl¬ 
ing (op. cit.) and Eliasson (op. cit .) is incorrect. 
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